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Abstract 
The aim of this study is to determine the distribution of Turkish students according to their scores in Programme for International 
Student Assessment (PISA) with reference to cognitive dimensions (sub-skills) of reproduction, connection, and reflection, which 
constitute the students’ mathematical thinking processes in PISA, and to find out whether there is a significant difference among 
students’ mean scores of the aforementioned dimensions regarding several variables such as their mathematical literacy scores, 
gender, school type, and regional differences. The universe (target population) of the study involves 15-year-old students who 
study at either 7th grade or a higher level of education. The sample of the study has been categorized according to the regions and 
type of schools, and the randomly selected 4942 students from 160 schools have been included in the study. The results of the 
study indicate that the Turkish students’ PISA 2006 Mathematics scores are fairly low in terms of their advanced thinking 
processes. The results also show that the students’ mean scores as to their mathematical thinking processes differ significantly 
according to their school types and regions, and that there is a significant difference regarding the mathematical thinking skills 
between the scores of the male and the female students in favor of those who are male.  
Key Words: Student achievement; large scale achievement tests; programme for international student assessment (PISA);   
mathematical literacy. 
1. Introduction 
Student achievement is defined as the students’ ability to use the basic knowledge and skills, which are incorporated 
in educational curriculums, in real life situations. Students’ ability to use such fundamental knowledge and skills 
particularly in real life heavily depends on their ability to develop advanced thinking skills. Advanced thinking skills 
take long time to develop and they are essential skills which individuals ought to acquire in order to be successful in 
their lives. Individuals with improved advanced thinking skills can not only transfer what they have learned into real 
life situations, but also use such knowledge effectively in solving the problems that they encounter. In this 
framework, educational institutions should attach special importance to developing students’ ability to adapt their 
knowledge and skills in order to use them in novel and real life situations, rather than to employ them as they are 
taught. This highlights the significance of assessment and evaluation applications which are particularly 
implemented in order to make decisions on the use and development of students’ advanced thinking skills (Kutlu, 
Do÷an and Karakaya, 2008). 
Academic achievement of the students is perceived as a prominent indication of effectiveness of the educational 
system in many countries. The majority of decisions not only regarding the identification of the shortcomings in the 
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education system and its components, but also concerning the development of the necessary areas are taken based 
upon the findings obtained from various achievement tests implemented on the students., Therefore, large-scale 
national and international achievement tests are used for this purpose. As Ryan and Keir (2008) suggest, reaching 
the large masses of students, large-scale achievement tests should be used effectively in order to provide reliable 
data for students, teachers, administrators, parents, and national decision-makers. According to an understanding 
that has become widespread in recent years, large-scale achievement tests not only assess student achievement, but 
also are used in order to hold the educational institutions responsible for the educational outcomes regarding the 
students. (Crundwell, 2005; Earl, 1999 cited in Klinger, DeLuca and Miller, 2008).  
In 2003, 2006 and 2009, Turkey participated in Programme for International Student Assessment (PISA) project 
carried out by Organization for Economic Co-operation and Development (OECD) in order to determine the 
achievement levels of Turkish students and to compare Turkish educational systems powerful aspects, as well as 
those that needs to be improved, with the data of other countries. 
By focusing on the fundamental skills in reading, mathematics and science, PISA evaluates the extent to which the 
15-year-old students have acquired these skills and knowledge at the end of the compulsory education in order for 
them to integrate fully into the society in which they live. PISA not only investigates whether or not the students use 
the knowledge and skills taught in school again, but also examines whether or not they make predictions as to the 
unknown making use of what they have been taught, and whether or not they put into practice their knowledge and 
skills in situations that come up in and out of their schools. In this sense, a new approach to the concept of literacy 
has been adapted in PISA. In this respect, literacy has been understood from the perspective of the students’ ability 
to  use  their  attained  knowledge  and  skills  where  and  when  necessary,  to  analyze  and  solve  various  problems  in  
various circumstances, to interpret, and to present the obtained results in an effective and efficient way (MEB, 
2005).
In PISA, the concept of mathematical literacy is emphasized while evaluating the students’ mathematical knowledge 
and skills. This concept is defined as the ability to perceive how to use mathematics and the power to make use of 
mathematics in real life. Mathematical literacy in PISA is identified as “the capacity of the individual to understand 
the significance of the role that mathematics play in the world, to be able to reach at relevant conclusions with 
strong foundations, to be occupied with mathematics to the extent that it will meet the necessities in individuals life 
as a constructive, concerned and conscious citizen” (OECD, 2006). In other words, mathematical literacy involves 
functional use of mathematical knowledge and skills given in the school curricula, rather than just recalling and 
applying them. In addition, mathematical literacy also includes other components such as the ability to construct and 
solve mathematical problems with different contents, self- confidence, curiosity, mathematical thinking and 
operating skills. 
In evaluation about mathematics, PISA focuses on problem cases related to real life situations rather than the typical 
problems that the students encounter in their schools. In PISA, students are first expected to determine mathematical 
concepts about a real life problem situation, then to modify this situation into a solvable problem, to solve the 
problem, to transform the obtained mathematical result so that it fits into the problem situation, and finally to reflect 
the result. This process is called mathematization. Mathematization requires the use of various skills such as 
reflecting and reasoning, discussion, communicating, modeling, putting forward the problem and solving it, 
explaining, using the operations with symbolic and technical language, and using mathematical means and tools 
(OECD, 2003). 
The mathematical thinking processes used in PISA are identified in three dimensions. These are reproduction, 
connection, and reflection (OECD, 2006). 
Reproduction: The skills in this thinking process are those fundamentally concerning the use of knowledge while not 
only recognizing the mathematical processes and problem types that are frequently used in teacher-made or standard 
test, but also doing routine operations.   
Connection: The skills regarding this dimension includes those that are used not only while working on the ordinary 
operations in reproduction element, but also solving known but rarely encountered problem situations which go 
beyond the ordinary problem situations.  
Reflection: The skills in reflection dimension consist of those that are necessary for the students to produce solutions 
for rarely encountered problem situations as well as applying them. In this dimension, the students are expected to 
be “creative”. 
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The developments in science and technology result in some changes in the understanding of education in general 
and mathematics in particular. Learning mathematics necessitates not only gaining particular mathematical 
knowledge, but also attaining several skills (Olkun ve Uçar, 2006). In this context, it is essential that educational 
methods and techniques, which help to develop students’ advanced thinking skills, be used in educational activities; 
and accordingly, it is necessary that suitable assessment and evaluation approaches, which particularly focus on 
these skills, be adopted. Therefore, conducting research on students’ mathematical thinking skills becomes 
important. Consequently, this study has been carried out in order to determine how Turkish students’ scores 
regarding the mathematical thinking skills, a part of the mathematical sub-test in PISA 2006, are distributed. 
In other words, the aim of the study is to find out the distribution of Turkish students as to their scores in PISA 2006 
mathematics sub-test according to the three dimensions: reproduction, connection, and reflection. For this purpose, 
answers to the following research questions are sought: 
1. With regard to the dimensions of reproduction, connection, and reflection, 
a.  what is distribution of student scores of PISA 2006 mathematics test according to the high, mid-high, mid-
low, and low %25 proportions of student groups?  
b.  is there a significant difference between the mean scores of students from high, mid-high, mid-low, and low 
%25 proportions of student groups? 
2. Do the mean scores of the Turkish students as to the reproduction, connection, and reflection dimensions of 
PISA 2006 Mathematics sub-test differ significantly according to the following variables? 
a. Gender, 
b.  School culture, 
c.  Geographical regions.  
2. Material and Method 
Design of the Study 
This is a descriptive study since it aims to determine (describe) the distribution of student scores as to the thinking 
processes in PISA 2006 mathematics sub-test. 
Universe (Target Population) and Sample of the Study 
The universe in PISA includes the 15-year-old group of students who study in the 7th grade or higher (OECD, 
2009). Turkey participated in PISA 2006 with randomly selected 4942 students, stratified according to their regions 
and school types from 160 schools, 7 geographical regions, and 51 cities. The sample of PISA 2006 consists of 
students from primary schools, general high schools, Anatolian high schools, foreign language intensive high 
schools, science high schools, Anatolian vocational high schools and multi-program high schools. The entire 
Turkish data has been used in this study.   
Data Collection Tools 
In this study, just like in any other previous PISA implementations, the data set is comprised of evaluation units of 
PISA 2006 mathematics achievement test. Every evaluation unit involves texts and a set of item roots made up of 
tables and/or graphics, and these are followed by problem situations that the students might encounter in their daily 
lives (MEB, 2007). 
Data Collection 
In PISA, a student’s possibility of giving correct answers to test items and the possibility of an item to be answered 
correctly by the students are predicted (OECD, 2009). Thirteen different test booklets were used in PISA 2006. The 
number and combination of math items is different in every booklet. In every group of 35 students, three students at 
most received the same booklet. The booklets were delivered to the students randomly. The test session consisted of 
two parts: a 120-minute achievement test session and a 30-minute questionnaire session.  
Data Analysis 
The aim of this study is to determine whether there is a significant difference between the distributions of scores as 
to the PISA 2006 mathematical thinking processes and related mean scores according to different variables. For this 
purpose, the mean scores were calculated according to the variables, and later they were compared. 
The students’ mean scores as to the mathematical thinking processes were compared according to the gender 
variable via t-test. Since the groups were definitely different from each other according to the gender variable, i.e. 
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there was certainly no common member between the two groups, independent sample t-test was used (KalaycÕ,
2009).
On the other hand, analysis of variance (ANOVA) was used in determining whether there was significant difference 
between the students’ mathematical thinking processes mean scores attained from PISA mathematics test according 
to %25 proportions of students, school types and geographical regions. Analysis of variance is generally used to test 
the hypothesis on whether there is a significance difference between two or more mean scores (Köklü, Büyüköztürk 
and Bökeo÷lu, 2006). Here in this study, one-way ANOVA test was used since there was only one independent 
variable (student groups, school type, geographical region), whose effects on dependent variables were investigated 
(Büyüköztürk, 2007). At the end of the variance analysis, Tamhane’s T2 Test was used in order to determine what 
groups caused the difference. Tamhane’s T2 Test is prominent for its careful comparisons (Hochberg and Tamhane, 
1987; Özdamar, 2009). 
3. Results and Recommendations 
In this part, results will be presented and discussed in accordance with analyses conducted in the study. The results 
will be presented in the order of the research questions posed in the framework of the study.  
3.1. What is distribution of student scores of PISA 2006 mathematics test according to the high, mid-high, mid-low, 
and low %25 proportions of student groups with regard to the dimensions of reproduction, connection, and 
reflection? 
First of all, in order to find answers to this research question, as well as to others, the thinking processes regarding 
the PISA 2006 math items were identified by making use of not only PISA national center achieves, but also expert 
opinions.  Later,  the  students  were  put  in  order  according  to  their  mathematic  literacy  scores  and  they  were  
categorized into four groups according to this arrangement. The top %25 of the students with the highest scores 
were labeled as the “high group”, second %25 proportion as “mid-high group”, third %25 proportion as “mid-low 
group”, and finally fourth %25 proportion as “low group”. 
In order to make comparisons between the students groups as to the correct answers given to math items, total scores 
pertaining each dimension have been obtained. While calculating the total scores, PISA evaluation method was 
used, and accordingly correct answers were scored 1 while incorrect answers were scored 0, except for the 4 
questions that were graded using a scoring rubric. As for the items which were graded by a scoring rubric, correct 
answers received 2 points, partly correct answers received 1 point, and incorrect answers were given 0 (zero). Due 
to different number of question items for each dimension, all calculations were run out of 100 points in order to be 
able to make comparisons between the total scores of these dimensions. In Table 1 below, students’ total scores out 
of 100 points and their standard deviations are presented according to their previously identified groups (%25 
proportions). 
Table 1.  Mathematical Thinking Processes Mean Scores According to Student Groups
Thinking Processes Student groups N X Ss 
Reproduction 
High Group 929 21,61 23,43
Mid-high group 968 13,73 20,44
Mid-low group 943 8,29 14,13
Low group 966 4,89 9,70
Total 3806 12,06 18,79
Connection  
High Group 929 6,84 4,37
Mid-high group 968 3,57 3,05
Mid-low group 943 2,11 2,36
Low group 966 1,02 1,58
Total 3806 3,36 3,71
Reflection 
High Group 929 9,02 9,07
Mid-high group 968 3,75 5,19
Mid-low group 942 2,12 3,70
Low group 966 1,12 2,54
Total 3805 3,97 6,41
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As Table 1 demonstrates, the students’ mean scores as to the dimensions of reproduction ( X = 12,06), connection 
( X = 3,36), and reflection ( X = 3,97) are fairly low, bearing in mind that the scores are evaluated out of 100 points. 
What is more, as the standard deviations of these mean scores suggest, the scores that the students obtained are both 
far from average and heterogeneous in all three dimensions.  
The distribution of scores obtained by the defined group of students according to each dimension is given in 
Diagram 1 below. 
Figure 1. The Distribution of Scores as to Mathematical Thinking Processes
As figure 1 illustrates, in every dimension of the thinking processes, there is a gradual increase in the mean scores of 
students from the low group to the higher groups. However, when the means scores of each dimension are 
scrutinized, it can be perceived that the mean scores are fairly low, especially in dimensions of connection and 
reflection. As for the high group of students, for instance, the mean score of their reproduction dimension is ( X =
21,61), that of connection is ( X = 6,84), and that of reflection is ( X = 9,02). This shows that there is a significant 
difference between the students’ mean scores. Similar results have been obtained regarding the mean scores of mid-
high group, mid-low group, and low group of students.  
Is there a significant difference between the mean scores of students from high, mid-high, mid-low, and low %25 
proportions of student groups with regard to the dimensions of reproduction, connection, and reflection? 
In order to find out whether there is a statistically significant difference between the mean scores of the different 
student groups (i.e. high, mid-high, mid-low, and low group of students) regarding the before-mentioned 
dimensions, the mean scores of each student group from each dimension have been statistically compared. For this 
purpose, one-way ANOVA test (analysis of variance) has been used. Table 2 below illustrates the one-way ANOVA 
test results as to the comparison of students’ mean scores concerning the dimensions of reproduction, connection, 
and reflection according to high, mid-high, mid-low and low student groups.  
Table 2. ANOVA Results Regarding the Mathematical Thinking Skills According to Student Groups
Thinking 
Processes 
Source of Variance 
Sum of 
Squares (SS) 
Degree of 
freedom (Df) 
Mean of 
Squares (MS)
F Test 
Statistics (F) 
p
Reproduction 
Between Groups 150508,37 3 50169,457 159,955 0,000*
Within Groups 1192.486,54 3802 313647 
Total 1342.994,91 3805
Connection 
Between Groups 18032,92 3 6010,975 665,058 0,000*
Within Groups 34363,49 3802 9,038
Total 52396,42 3805
Reflection 
Between Groups 34800,72 3 11600,241 363,120 0,000*
Within Groups 121426,74 3801 31,946
Total 156227,46 3804
*p<0,05 
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The results of the analysis indicate that students’ mean scores regarding the dimensions of reproduction (F(3-3802)=
159,955, p=0,00<p=0,05), connection (F(3-3802)= 665,058, p=0,00<p=0,05) and reflection (F(3-3801)= 363,120, 
p=0,00<p=0,05) differ significantly according to the groups (%25 proportions), to which they belong. In other 
words, the scores concerning the mathematical thinking processes differ significantly in accordance with the %25 
proportions in which the students are placed. 
Whether the variance between the groups is equal or not has been analyzed by Levene test in order to choose the 
multiple regression test, which would determine the source of the identified variance between the groups in the 
dimensions of reproduction, connection, and reflection. The results of this test produced p=0,00<p=0,05 for the 
dimensions of reproduction, connection, and reflection. Therefore, the following hypothesis has been rejected: “Ho=
the variance between groups is equal”. 
Since the variance between the groups is not equal, Tamhane’s T2 Test has been used. According to the results, with 
respect to the reproduction dimension, the mean scores of the high group of students ( X = 21,61) show significant 
difference from the mean scores of mid-high group of students ( X = 13,73), mid-low group of students ( X = 8,29) 
and low group of students ( X = 4,89); the mean scores of the mid-high group of students reveal significant 
difference from the mean scores of mid-low group of students and low group of students; and finally, the mean 
scores of mid-low group of students differ significantly from the mean scores of low group of students. 
As far as the dimension of connection is concerned, it is concluded that the mean scores of the high group of 
students ( X = 6,84) are significantly different from the mean scores of mid-high group of students ( X = 3,57), mid-
low group of students ( X = 2,11)  and low group of students ( X = 1,02); that the mean scores of the mid-high group 
of students are significantly different from the mean scores of mid-low and low group of students; and that the mean 
scores of mid-low group of students differ significantly from those of the low group.
Similar results are obtained as to the reflection dimension. The results reveal that the high group of students ( X =
9,02)  are significantly more successful than mid-high group of students ( X = 3,57), mid-low group of students ( X =
2,12) and low group of students ( X = 1,12); mid-high group of students than mid-low and low group of students; 
and mid-low group of students than the low group of students. 
3.2. Do the mean scores of the Turkish students as to the reproduction, connection, and reflection dimensions of 
PISA 2006 Mathematics sub-test differ significantly according to the gender? 
The mean scores of male and female students as to the mathematical thinking processes in PISA 2006 mathematics 
test have been calculated and independent sample t-test has been used to determine if there is a significant difference 
between these mean scores. The t-test results pertaining to this research question are given in Table 3 below.  
Table 3. T-test results of Students’ Mathematical Thinking Processes Mean Scores According to Gender
Thinking Processes Gender N X Ss sd t p
Reproduction 
Female 1771 11,40 17,61 3801,74 -2,60 0,000*
Male 2035 12,64 19,74 
Making 
Connections 
Female 1771 3,23 3,54 3793,23 -2,05 0,041*
Male 2035 3,47 3,85 
Refclection 
Female 1771 3,60 5,71 3790,39 -3,37 0,001*
Male 2034 4,29 6,95 
*p<0,05 
As Table 3 illustrates, there is a significant difference between the students’ mean scores of the reproduction 
dimension according to their gender (t3801,74= -2,60, p=0,04<p=0,05). Male students’ reproduction mean scores ( X =
12,64) are higher than the reproduction mean scores of the female students ( X = 11,40). Furthermore, as for the 
dimension of connection, a significant difference is found between the mean scores of the male and female students 
(t3793,23= -2,05, p=0,04<p=0,05). Male students’ mean scores of connection ( X =3,47) are higher than those of the 
female students ( X =3,23). Similarly, there is a significant difference between the students’ mean scores of 
reflection according to the gender (t3790,39= -3,37, p=0,001<p=0,05). The mean scores of male students as to 
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reflection ( X = 6,95) are higher than the mean scores of the female students ( X = 5,71). Although statistical results 
indicate that male students are more successful in terms of mathematical thinking processes compared to their 
female counterparts, it should be taken into consideration that the means scores of the two groups are close to each 
other.  
3.3. Do the mean scores of the Turkish students as to the reproduction, connection, and reflection dimensions of 
PISA 2006 Mathematics sub-test differ significantly according to the school type? 
In order to determine whether there is a significant difference between the students’ mean scores of the three 
dimensions according to the students’ different school types, the dimensional mean scores of all students from 
different school types x have been correlated. One-way ANOVA (analysis of variance) test has been used for this 
purpose. Table 4 demonstrates one-way ANOVA test results pertaining to the comparison of reproduction, making 
connection, and reflection mean scores of the students from primary schools, general high schools, Anatolian high 
schools, science high schools, vocational high schools, Anatolian vocational high schools and multi-program high 
schools. Since the number of students from foreign language intensive high schools is very few (9), his school type 
has been excluded from the analysis considering that it does not represent the universe of the study.  
Table 4. ANOVA Results of Students’ Mathematical Thinking Processes Mean Scores According to School Type
Thinking 
Processes 
Source of 
Variance 
Sum of Squares
(SS)
Degree of 
freedom (df) 
Mean of Squares
(MS) 
F Test 
Statistics (F) 
p
Reproduction 
Between Groups 76.771,26 6 12.795,211 38,594 0,000*
Within Groups 1.256.857,41 3791 331,537
Total 1.333.628,68 3797
Connection Between Groups 6.209,98 6 1.034,996 85,472 0,000*Within Groups 45.905,94 3791 12,109
Total 52.115,91 3797
Reflection 
Between Groups 12.182,08 6 2.030,347 53,860 0,000*
Within Groups 142.871,93 3790 37,697
Total 155.054,01 3796
*p<0,05 
The results of the analysis point out that there is a significant difference between the students’ mean scores 
regarding the dimensions of reproduction (F(6-3791)= 38,594, p=0,00<p=0,05), connection (F(6-3791)= 85,472, 
p=0,00<p=0,05) and reflection (F(6-3790)= 53,860, p=0,00<p=0,05) according to the type of schools, at which the 
students study. In other words, the students’ scores concerning the mathematical thinking processes differ 
significantly in accordance with their school types. 
In order to decide on the multiple regression test, which would determine the source of the identified variance 
between the school types in the dimensions of reproduction, connection, and reflection,  Levene Test has been used 
so as to identify whether the variance between the groups is equal or not. According to the results of this test, it has 
been concluded that p=0,00<p=0,05 for the dimensions of reproduction, connection, and reflection. Therefore, the 
following hypothesis has been rejected: “Ho= the variance between groups is equal”. Tamhane’s T2 Test has been 
used as the variance between the groups is not equal. 
As the results regarding the reproduction dimension point out, the mean scores of science high school students ( X =
29,42) are significantly different from and comparatively higher than the mean scores of vocational high school 
students ( X = 8,59), and multi-program high school students ( X = 8,84). What is more, students who attend 
Anatolian high schools ( X = 23,08) are more successful than the students who study at general high schools ( X =
11,68), vocational high schools, Anatolian vocational high schools ( X =14,67) and multi-program high schools. No 
significance difference is found between the mean scores of students who attend science high schools and Anatolian 
high schools. There is also no significance difference regarding the reproduction dimension between the vocational 
high schools, multi-program high schools and primary schools ( X = 9,89 ), which have the lowest mean scores 
among all other types of schools.  
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As to the dimension of connection, the results show that there is a significant difference between the mean scores of 
the  students  of  all  other  school  types,  except  for  science  high  schools  (=  9,68)  and Anatolian  high  schools  X  (= 
6,30), which have the highest mean scores of all. In this dimension, students who attend Anatolian high school 
students ( X = 23,08) are more successful than the students who study at general high schools ( X = 3,31), vocational 
high schools X  (= 2,45), Anatolian vocational high schools ( X = 4,06) and multi-program high schools ( X = 2,14). 
The results pertaining to the connection dimension reveal that there is also a significant difference between the mean 
scores of primary school students ( X = 2,01), who have the lowest means, and the mean scores of students from all 
other school types, except for vocational high schools and multi-program high schools. 
Similarly in the reflection dimension, the results reveal that the mean scores of the students from all types of schools 
differ significantly, except for science high schools ( X = 15,98) and Anatolian high schools, which have the highest 
mean scores among all. Besides, Anatolian high school students ( X = 7,72) are more successful than the general 
high school students ( X = 3,85), vocational high school students ( X = 2,82), Anatolian vocational high school 
students ( X = 4,78) and multi-program high schools ( X = 2,43). In also reflection dimension a significant difference 
is found between the mean scores of primary school students ( X = 2,02), with the lowest means, and the mean 
scores of students from all other school types, except for vocational high schools and multi-program high schools. 
3.4. Do the mean scores of the Turkish students as to the reproduction, connection, and reflection dimensions of 
PISA 2006 Mathematics sub-test differ significantly according to the geographical regions? 
In order to determine whether there is a significant difference between the students’ mean scores of the three 
dimensions according to geographical regions, the dimensional mean scores of all students from different 
geographical regions have been compared. For this purpose, one-way ANOVA (analysis of variance) test has been 
used. Table 5 below illustrates one-way ANOVA test results pertaining to the comparison of reproduction, making 
connection, and reflection mean scores of the students from seven different geographical regions. 
Table 5. ANOVA Results of Students’ Mathematical Thinking Processes Mean Scores According to Geographical Regions
Thinking 
Processes Source of Variance 
Sum of Squares
(SS)
Degree of 
freedom (Df) 
Mean of 
Squares (MS)
F Test 
Statistics (F)
p
Reproduction 
Between Groups 14288,02 6 2381,337 6,809 0,000*
Within Groups 1328706,89 3799 349,752
Total 1342.994,91 3805
Connection 
Between Groups 1495,27 6 249,212 18,600 0,000*
Within Groups 50901,15 3799 13,399 
Total 52396,42 3805
Reflection 
Between Groups 1919,72 6 319,953 7,875 0,000*
Within Groups 154307,74 3798 40,629
Total 156227,46 3804
*p<0,05 
When the results of the analysis are examined, it can be observed that there is a significant difference between the 
students’ mean scores regarding the dimensions of reproduction (F(6-3799)= 6,809, p=0,00<p=0,05), connection (F(6-
3799)= 18,600, p=0,00<p=0,05) and reflection (F(6-3798)= 7,85, p=0,00<p=0,05) according to different geographical 
regions. In other words, the students’ scores concerning the mathematical thinking processes differ significantly in 
accordance with the geographical regions, in which they live. 
So as to select the multiple regression test, which would determine the source of the identified variance between the 
geographical regions in the dimensions of reproduction, connection and reflection,  Levene Test has been used in 
order to identify whether the variance between the groups is equal or not. According to the results of this test, it has 
been found that p=0,00<p=0,05 for the dimensions of reproduction, connection and reflection. Therefore, the 
following hypothesis has been rejected: “Ho= the variance between groups is equal”. Since the variance between the 
groups is not equal, Tamhane’s T2 Test has been used. 
According to the results regarding the reproduction dimension, there is no significant difference between the mean 
scores  of  Aegean  Region  ( X = 14,83), Mediterranean Region ( X = 14,32) and Central Anatolian Region X  (= 
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12,52), which are the regions with the highest mean scores. Moreover, no significant difference is found between 
Southeastern Anatolian Region ( X = 8,11), Eastern Anatolian Region ( X = 9,09), and Marmara Region ( X = 11,12), 
which have the lowest mean scores. The reproduction mean scores of students from Aegean Region and 
Mediterranean Region are significantly different from and notably higher than the mean scores of students from 
Marmara Region, Southeastern Anatolian Region, and Eastern Anatolian Region. No significant difference exists 
between the mean scores of students form Blacksea Region ( X = 12,27) and any other region.  
As for the dimension of connection, there is no significant difference between the mean scores of Mediterranean 
Region ( X = 4,09), Aegean Region ( X = 4,07) and Central Anatolian Region ( X = 3,72),  which are the regions that 
have the highest mean scores. However, there is a statistically significant difference between the highest-scoring 
Aegean Region and Marmara ( X = 3,02), Eastern Anatolian ( X = 2,07), and Southeastern Anatolian ( X = 2,34) 
Regions. In connection, students from all regions, except for Southeastern Anatolian Region, are more successful 
than the students from Eastern Anatolian Region.  
As far as the reflection dimension is concerned, no significant difference is found between the mean scores of 
Aegean Region ( X = 4,91), Mediterranean Region ( X = 4,69) and Central Anatolian Region ( X = 4,41), which are 
the regions with the highest mean scores. Similarly, there is no significant difference between Eastern Anatolian 
Region  ( X = 2,59), Southeastern Anatolian Region ( X = 2,96), and Marmara Region ( X = 3,49) which have the 
lowest mean scores. The reflection mean scores of students from Aegean Region and Mediterranean Region are 
significantly different from and markedly higher than the mean scores of students from Marmara Region, 
Southeastern Anatolian Region, and Eastern Anatolian Region. The mean scores of students from Blacksea Region 
( X = 4,07) as to the reflection dimension differ significantly from only the mean scores of Eastern Anatolian Region 
students, who have the lowest scores pertaining to this dimension. 
4. Conclusion  
This study aims to determine the distribution of Turkish students’ scores in Programme for International Student 
Assessment (PISA) with reference to cognitive dimensions (sub-skills) of reproduction, connection, and reflection 
and to find out whether there is a significant difference among students’ mean scores of the aforementioned 
dimensions regarding several variables (mathematical literacy scores, gender, school type, and geographical region). 
In this framework, 
1. The students’ scores regarding the mathematical thinking processes as a part of PISA 2006 mathematics test are 
notably low. Particularly, the results which suggests that the most of Turkish students are in 2nd proficiency level 
or lower is consistent with their corresponding mean scores pertaining to advanced thinking processes 
(connection and reflection).  
2. The mean scores of the students differ significantly according to their mathematical literacy scores and the %25 
proportions, in which they are ranked. The mean scores regarding mathematical thinking processes of the high 
group of students in the mathematical score ranking are also higher than those of mid-high, mid-low, and low 
group of students. Similarly, the mean scores of the mid-high group of students are significantly higher the mean 
scores of mid-low and low group of students, just as the mean scores of mid-low group of students are higher 
than the mean scores of the low group.
3. Male students’ mean scores as to the mathematical thinking processes are higher than the mean scores of female 
students. 
4. There are significant differences between the school types according to the mean scores regarding the 
mathematical thinking processes. Especially, the differences between the students from science high schools-
Anatolian high schools and students from vocational high schools-general high schools are remarkable. As far as 
the mean scores for mathematical thinking processes are concerned, vocational high school and general high 
school students are notably less successful than science high school and Anatolian high school students.  
5. There are regional differences as to the students’ mean scores regarding the mathematical thinking processes. 
However, these differences are not as prominent as the ones between the school types. The least successful 
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regions with regard to the students’ mean scores regarding the mathematical thinking processes are Southeastern 
Anatolian and Eastern Anatolian Regions.  
The results of the study indicate that the Turkish students’ mean scores regarding their advanced thinking processes 
are fairly low and that the students’ mean scores as to their mathematical thinking processes differ significantly 
according to their genders, school types and geographical regions. In Turkey, the variable that affects the students’ 
mathematical thinking skill at the most is school type. In the light of these results, the following implications can be 
suggested: 
1. In order to attain academic achievement in mathematics, comprehension strategies should be implemented rather 
than memorization strategies, and suitable atmosphere should be created for the students to make connection, and 
associations between what they learn.  
2. The objectives in the curriculum should be determined primarily based upon the thinking processes rather than 
the subject matters. The scope and the content should consist of real life situations which the students might 
encounter in their daily lives. 
3. In mathematics instruction, special importance should be attached to concretization by the use of particular tools 
and materials. Practical use of tools and materials should be emphasized instead of sole problem-solving 
activities. In this respect, it is of utmost importance that the tools and materials be properly designed so that they 
can develop thinking processes. What is more, out-of-school activities that improve students’ thinking processes 
should be encouraged.  
4. In order to bring an end to marked differences between types of schools, precautions should be taken on a 
national scale in order to improve the quality of education in all schools around the country.  
5. Turkey participated in PISA 2009, as well. In this respect, researchers can conduct studies that compare the sets 
of data obtained in 2006 and in 2009. What is more, comparative studies between Turkey and other countries that 
take part in PISA project may be highly significant and promising. 
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